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.ABSTRACT : 



PROBLEM TO BE SOLVED: To prevent the generatior of 
c^^cks in a membxaaie and 

the peeling of the memb.raiie even in an -atmosnhere of a wide 
uemperature range 

by forming the first layer to be laminated on a backing 
with a specified 

material having the coefficient of thermal exoansion 
bet.ween those of the 

backing and the second layer and the second laye r to burv 

tne hole in the — ~ 

surface of the -first layer . 
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SOLUTION: A hydrogen separation structure 10 is equipped 
with a backing 12, 

the -first layer 14, and the second lay-er .16 and formed by 
laminating these. 

The backing 12 is composed of porous glass and Dorous 
ceramic . The second 

l^l&r 16 is made from. Pd alloy or Pd alloy and formed to 
..bury the hole in the 

surface of the first layer 14. The first layer 14 is made 
from a material in 

which. an inorganic material is mixed with the metal .powder 

of Ti, Cr, Mo or an 

alloy of Ti, Cr, or Mo, or an oxide such as SiO<SB>2</SB> 
Al<SB>2</SB>0<S.Bs.3</SB>, and ZrO<SB>2</SB> in the 
conditions of (l).-(3) as ' . ' 

■given bellow and formed" to bury part of the hole in the 
surface of the backing 

12. Adhesion to a material which -has (1) the coefficient 
•of thermal expansion 

between those of the backing .12 and the second- layer 16 and 
(2) a property not 

to generate hydrogen embrittlement and (3) forms the 
backing 12 and the second. 
layer 16 is maintained. 
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c. 

.•Sett, -rOH^KlT^spc} ^^^f^t,,^g^ 'C<;c^g(DiS 

I Use /^cJt2'ei:Lb€>^ . * fc\t^tiir><j>'^hi>i^ 

ft. 

[OOQl] 



* [0 00 2] 

. m^l^. - 5 3 5 2 7 ^s^omii^^ 

ft 1 0 O li, ^,?Lg-lr7 5 y ^i»^r^ :&m 1 0 2 
- i 0 4 i . u^<DJ^Sfi?>* i^©.] 0 4 

[ 0 0 0 3] C(D:mmm^m 0 0C[)^> :;>^'i2 
I 0 0 0 4 J CC'ct ^^f^S^iSaa^ t^«>''>7i: ?C;i.^ 

SH l 0 2tcm$tim=&5i3i.l/^C. 0 2Q>m 



* Q = A • t • AP* 
CCT\ a; Bkt^^. APi£Pde^it$trig^i^7;s 

[ 0 0 0 6 ] CCC-J: ^;c. 7 =rg i 0 6CQKlp'i$r 

<Usagf-^i. Pd©lgg#r'f^vg::5S#r'ae/j:(,i, c 

^ 1 0 6^^?L^-te7 A -p ^A^f iri^.6i:oii2g*t 1 

[0007] rj:4o\ ®g> -^4^/1 1 0 e^W< Tod, 
$^agcoS# i 0 2 a>?L^^ic o c i j^t ? ^ 
ccD/cii). {53fc<5>iSBTii, ^S«>' r 1 0 4 
tCo^O, l^?LScc-Si*i0 2a>?L^^/J.$<<.,x. /h$ 



<1 ) 

^Sl0 6^5$6j^0ru«». 



exp (-B/RT) 

[ 0 0 0 8]' 

[a?^^^bcJ:^irasje] <hc5r% m ^ 

*'^^^x'^&i^msmmimKBimiy'>h^. tc 
sr^c. ^«fi?>' r^miQ A&zmmj^ i o 

[0009] 2i2^ii, ±i2S£2^«arj(D^@^:R?ftT 

r ^^ST«:^.$n-C P d £ rciiP d ^^^^=> 
50 va«tc«s;a^5^c.^cO. Pdiigx>sg|:t;i>.^gijgj^;,#i 
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[0010] 

m-^Cmm, ttms i os^/^ka i zoi^/ctaz 

r 0.2 S-^tf«t8?f^i^v>t%*»'Ci^, D , *>-5rO»J5 , 

[ 0 0 1 1 ] ^ 1 cmm^zm^hynm^mmmmi, . 
{00 12] ttz. ^2mzmtmm\i,.imm 
[00 13] ttz. ^icrmmim^wmtmi'^t. 

[0014] CO i 3^r. »»5Si^[*»-S«tm2,lt 
^^"SimX'h&l^mt LTJs, T i . C r . I r , M 
o ii-hmiixtz 1 SS;^;is2mJh.<7)^Sa7t:-{2Cfi4, 

[oo i5]B2^Bgii, mmt^2mt<r>f^i,z. * 

1 0 

^IIS,*'?;:^ : 0. 



h . -TKchib , ^Smit. m 1 Mz:mfK.ti> T i t-if*5 
SlJiP^{Cg;iS:LTSB^B^^rSL•t;i:r^^fT, ^2 

[0016] 

10 z-!3mi}Hzi-i,tci^iz. &.T^¥?mmmmc^ 
mMiz':>\nm^th . 

■ [ 0 0 1 7 ] m ii^m<^mmmmiz§>^7m5^ 

■ SflBtf*cl O2:7jvrirffi0T"?)-^. 01tc5b"V>T. 

^j-Mi*i oti. s«i 2h. miii4t, m.2i§ 

1 6 t riii, CtLf, zmStl C t i5.5Efig$^iT 

■ TL*T**^ . ^ 1 « 1 4{i. T i ^ t>4,^.|,RT-S> 

0, SBl 20Er-^^{ilife,^v>^?L^t LTJBfitS 
i^T^^^.. -r^f-io*,, 5$Ji 2ai/miSl 4ii, tK^ 

?L#:t5r-:.TV^*, ^.2-;il6{i, Pd^^riiPd-^ 

( 0 0 1 8 3 j^iT. ^-^^Hsufit^i: 1 0 mm-im 
mz-o^^xp^mizmmti.. 
[0019] (1) mi2 ■ 
mti 211, *^^^s^*i o<7:>mmmmz;si^h 

• 30 V^h.mi 2<7)jS$.{i. TfSO^frr^c t , 

[ 0 0 2 0 ] 1 2iz^Timmtm^^tzcoi±. t^m 
i><^Tm, ^^E^^s^titimz. ^i^^x'S 

OA-0. 2x»niT-$>|.Ci3&?|fS..Ll'^ Ztllt, 5 0 

0. 2umi^mthi:^ tmtS>m2Ml eff)mmz:W 

40 [00213 (2) mi«14 

^lJSl4{i. WTOffi-O'cO^frg-^igLT, Ti , 
C r . Jr. .M oi0^ms7t!U^<7)^, w^4,<7>&^ 
^^t,Z-^ttm?:m-^Ltiti^. tt:itS i 02, A 1 2 

05. zrozmcommif'hm&'^tLxui,. 

CD Ji^^l 20^Jp}i:. PdSi/diPd-^iODia 

•8 

8 — 4. 5 
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Ti : 4 

Cr : 2 

I r : 4 

Mo : 2 

Pd^^ixPd-^^ : il 

Tmmnzx hmta 1 2 tmz® 1 6 1 comm 

[0022] miii4<i, ^2mi6ijmuz7iim 
i: ^-t"-^ 1 114 mm-i-^&t Lxii. ^m<om: 

i?$(a. O. 0 1-5juimX'h&Zbifi'»tL\>\ Ztl 

■^aJtC3S^ l 2^%^'$^JtLT^I<3g;^rAOJi3at3aE| 
[00 2 3} (3) m2El6 

xmmmx.'i%^mm'j:mx'hi. p a-^^t ixa, 
IX. mm^n-^^asLx . ru, i rm^^v 1 1 

mjjM, Cu , Ag, Au^iOI b]^3cS§"&^Ujt 
oeafflT'l 6. g2Ji 1 6 cJ^B^TS^Sh LTIi. 
m 1 « 1 4 fc #90:^$'#.i, c i: I, 

[0024 5^2/11 6^73i?${i. 0. .5~20/iinT 
SiSwirAJ^^Uv-i. ;ix(i. 0. 5;umj;iTT'S>S 
b. miiil4<7}?Lr^jfc-r5>::.h*^T'l=-r, 

2 0MmiV±X'hib, m2igl 6ar^<T'i2)tV^5 

[ 0 0 2 5 ] . JJe^^^MffiS^j: 1 0 CJ: 
dJ-Stf^ffllconTlgHBri.. *S5;8«aiJi«:l0rzi^ 

1 2.<7>gjt;r(i«;3H t Ol3(::SSS--* t-S . -f- LT , 
»2« 1 6t3lR«$futjjt»{i. »2B 1 6|*|$-aja' 

L, $'?>(c^TL|J(OglSl 4, S$ri 2r3ffi®LTgii 

LJl-:©-&S-19B3Lfc*^ £«1 2ffi!ltii-^i!f>!.^aDffL 



• 5 - 11.1 

■ 3 - 11.8 

• 4 - 8. 1 

• 7 - 5. 3 

■ 0. - 1 2 .• 5 
* [0026] ±Mi^m.-i!tWMm#: 1 0 C iftg, m2H 

1 esrs^-r^^i 2{i. «8iiS6«)^5^<f-i,::i 

10 *5tf V \ J: -7 T . m 2 S 1 6 zrW < ri , ymf^cm 
. .jSfic*iSff$ CI. i: *>-T'# , g /c. iSfflSr P d c^im 

[0,027] t/c, m,i;gl4fe, Si^l2±lC?|ji$ 

^o^'^. ^t^^2ffll 6a?S»tTi.. m2Jil6.{lSll 

iil4^0?L2-Sft^. -r^ipt., ^2Jil6i2, ^viK 

[002S] ^h^z. mimiAit. mi 2tai2i 

20 16fcOISi9SiJ}ffi^®iDffi«9:t^^-^.jgfi5;g;tl.TV^|,»^ 

t=<ifflSiiTfe. ztih<mMfmvz^^xm.Thm 
^i2b^2mibb<r>mzi!iiz>hm)yTmmth. i 

ilCJ: , m IJB 1 4 {4. Xi'v-^/u-A^oSilf-f ;7 
gi*>S t S 1 1 «|SSj]: L , *S^SI«st* 1 0 

[0029] mz. m^mmcomzijit^h^mmm 
mmz-^^ ^xmm> . m2 iismmmtim i o b s- 

30 7j^mmv$>&. 1 0 B(2, g 1 fl i 

4 i:-^2ffl 1 6 b<nm^Zf^3m 1 8*>':frSUTV^4fli^ 

<r){5*'{i, E 1 i^^sn^j-jgitjift 1 0 i: isi tmm:h 
h. 

[0030] S3;i.i s\i. m^^mcFizaux . ^ 
im 1 4 (O'^mifimamz j: o m 2.1 1 6 r izi^jK i 
T, M2Mi6(rm<t^^±-ri>rzibff)i,ff)X'hi:. s 

311 8ii. S i 02 , A 1 203 , Z r 02« m^mt^ 
r^vv-c, 7i!^c7mMi,z^<7)^\,^$^^<7)mzi:'om 
ST'^S. ^ris. ^3Jii8faSjiSr&t LT. ^i;i 
40 14, m2Ml6b^mimz:m^^i,Zbm'%i. 
[0031 J 

[^M] mz. ±M?m&mmm^7iimmmi^ 
z:'s^izm^Lfzmmmi>z-z>\>yr:m'^?>. 03j±*r 
d5-j^-itJp2oc^)-a5rme5t*tt;!HiaT'^i,. 0 

3 tCJiJV^T . 7jc^4J^ilMjtfr2 0lt.m22b.ZCO 
mt2 2±l;zm^.ixfzS 1 ® 2 4 1 , S5 1 iB2 4±.(: 
Sii^il/cm 2Ji 2 6 t z-i(i;iT V •'S . 
[0 03 2]iJ«22li. »hmi04>mmx^^i 
7 0mm. 5;S 0. 8 mmCD-gfrTI) O . ^FLM;*"? 
50 X, ^Jt:U#?Lir-t7 5-/^';^o^ffto»/;,^s.$ix 
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(SfnS : -fe^ 5 ^' 7 ^ /l'^ . mS-fe 7 S 

0. 0 0 5-0. 2fjimVhs>. tti, ±Ml 
mi®24{ST.i S:lfS2/tinlC|MIL; m2m2b\t 

[ 0 0 3 3 3 *^:}^^ii(p2 0 omtim\,z-o 

^^XWmti>. S-f. ±iSL3t'g*f<?5S*f.2 2r!effl 

L . ^ 2 2 2:T-fe h ymc^^m\m/r^.-m 

^•f C i J: 0 > S#2 2 «^S®#C#it LT V 

2 rKg^^gfOffl rttrn: v M-. 2 5 0*C£O#HSv 
TtCfeH^TSjff 2 2 c7)a®t#^LT l ^ &7jtt«-^||^^ 
it, ^OlSom 1 « 2 4 i: zrjg 
L/C. 

[0034] ggv^T , v^^mcrmn^^m%i i 

xlO-6Torr (1. 3 3 X 1 Q-^ P a ) JilTC 
l^2.2±(=»l«24SrmL/i. SlJg24{i, T 
i ^:f!xmz2-^A x l O-STo r r .( 2 . 6 6~5. 

3 2 X 1 0- 1 P a ) . „2 mcOffigfcB^ L 
tz. 

[0035] g!V^T. miS24'±fcm.2e2 6r5g« 

L/>:. m2Jg2 6{i. nm^^mmmmis., ix 

iO-«Torr (i. 3 3 X 1 0'* P a ) <^)#ffig,C 
t, P cl<^)7y;^ff^.2~4x 1 0-6P..a(3^SL. 1 . 
5^2 umffim^^zm^Lf::. 

[0036] zx^yiimmmm^2 o.^m^^^xymux 

r#Slt5^{i. ia4ti^fi®a/:}^Siai&Sg3 0 
^^•SilJt#:2 0 hmii UzffX^WSy2 1. z.mx 
[0037] msmxm.'wS 2 t:^±LXm-tm 

mx'hh. lasicfev^T. ^■x^m32\t. y'mm 

«jsfr 2 0 TmtthtclibffiWmiS 5 ^-^-th-ir-T. 
2P#36i:, :7v2i:#:3 6^0±T^0^□S•OUy:/r 
:rt■LTi^ih■rl.±g3 73ltfTS3 8 fc , Tiimmiim. 40 
<P2 0S:»1-|,t-^'3 9 (@4#!i) t^%tX\>^ 
■» . 

[ 0 Q 3 8 ] ±Mlir-:x:^#3 6 «0(^g t^^^^-Sttgit 
*2 0tOiaCI4. ^li!lX>^-X4 0*«Jg{£Sil, Co 
Jl-ll!!;^ 4 0 lz:ffx^i^mm. 3 4 <7)!t8| 5 3 b . 5 

3 s^irLxM-^t'^m^ ■ msicti. tfz. Tiim 

^Jt*2 0OF*?Wc{a, (*lli;^'<-;s.4 l^m&^ 
ti. Z<^m:^^-X4 1ij>t>'m5 3f^iflxm± 



^' #^10-28 8 50 

8 

ffi-fS^ffl^eot, 2:iii.TV^&. ft|^^5 0{2. 

mmmo i tM^fitf^^s 2 1 ^ffijiTts 0 , ngms 

3 a-of |& 5 3d rt)!- LT*':x.^}-M^3 2CD^m>f^^- 
^4 0Ggi^SilT^^S. ^/c. <gK5 3c.t;{±, -gK 
^5 3 e r-fi- LT*'';:^i»'ffi*s3 20|*iim'^-j2,4 1 

[ 0 04 0 ] */c. g^J±i3%6 Ol:ii. ;i?";J>^i:gil=3 20 
) l^ffll-^'^-;^4 1tc'tK5 3f*iggJSil. COfK'S 

0 5 3 s*»'m$ii. ^OW«§5 3 g*>4M^;jr 
AAm$fL«.. =Srfe\.*'xS^S3 4li. 
r5 4 . 5 5 2r#^ S 1 1 5 0 IcSffy 

7*5 6 , 5 7 , f-x -y ^y^NVL-rS 8Sl^EB/<;U7"5 9 
a. 5 9b, 5 9c*fg{t4.?l. #^iii^6 0(C^-K;U 

[ 0 0 4 1 ] acfi, immmm&m o iii o , s 

•fStfttl. ^A;l,7'59a, 59b5r|§<i.^ 
;4'';^tMS;if-;^{4S-^;ir;?.tt'-?T. 'gK5 3 a~5 3 

SiS/'^yi-r 5 4. 5 5 1= J: 0 ^ix^ix-mmizmw^ix 

h. mz. =^-]i/uj<)\yre i zWi^izmibx. ^m:^ 

'^-X4 oiizlBt>i:&x]±tmia^^x.. 9{m:^'^-7. 
4 0 tl*Ha!;!.--^-;^4 1 1 OHEr 2 k g/ c (eg 

m^^z. z<r)mAzx, y\im»mm2 0zm^i 

X'§^5 3fi}^i,^,lii-r.:h:^'Xzmitz. t'lS, 
&P^I)/>r*btc. b- :y3 9(cj:0 5OO'Ct=i^L 

[ 0 0 4 2 ] f K 5 3 f *>^>aai Ltzifxtoma^ is 

X7ur^ h^yy-( t i OiJ'Sf L/C. -j-o^^. 7m:i 
[ 0 0 4 3 ) iin:. ±IS7K«»)ilifiKt*2 0 (loV^T . 

**-3J*i^ii«s2 02- 2 sr^s 0 cctoisojas^ 
:}j-^ai*2 0Gia, as. laiigt't-fTpr^-^ji^L 

[0044]® 7i<a§SiftS<^8S^I£S 
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1*JP dtom-^^ 1 . 5-2umizm&l;tz^mrh 
0 , KpI 2i}^P d O'ff? r 1 0 miCjglg L/dtRC^T 

0~5 0 0*COiaiggaHtci37t:-:>T7K^3l3^*>':^#ir^ 

[0 04 5] miS2 4i:S2®2 6icDia(^^ 
El 2 T'^ L/cS!ib.%Kr S -tr/trHJe^Jt-ov i!Hf 
■f S . t^m<llZM>^^m 1 BJli:^^ 2 Jits . H 3 S- 1' 
TUEHJ L/c*«iJ-TIM* 2 0 i: H t^gligai/^^iO^^ 

i-t^hh, .^sjiis. ±^Uzmrm2 4^m&Uzm 

iZ. X^^IEiTjai^a- 1 X 1 0-6T o r rO#as^ 

tcL, S i OsSr 1 X 1 0-«To r r (1. 33x10 
-2Pa) OlSffl^lcL. 0. 0 0 5—0. 0 5jum<7JJf 

[0046] isczmizx omuzmmzy^m:^ 

^W%TX'5 0 0-7 0 0*C(:BiLT, ^ISS-Bfigf 
STi!!»\ m.2®f*|CffiU§tiTV^^*HCO.VvT, X|g 
-7>f ^'D•7-^7>^if (EPMA) T^^^fUi. 

Ti(±m21(:iS;lS:LTfc4>-f. i^zaSKiatTT 
[HI ] Wjo-^tf^)Bic*>*»i,*3Rta'BII»Jtft 

1 0 5-iesjri.fiM. 

[[M2 ] fi!JC^)^.OMSIiw*>*^i,>^SiJ^^it^t:l 0 B 

[113 ] ^JSRi|t*»*»-i.*§g:a-1ilffi3t«:2 0 arSrT-lgfffi 
H. 

[ 114 J 2iS/4)ii®Si^ii 3 0 ^frrtmm. . 
[ H 5 1 1 0 S:1E#J Uz-0x^WS 3 2 



1 0 



[El 6] ;*':^iaS>*3!S®gatOB8^ffST-r^'7 
[117 ] ««*i7)7K3g:»=S^Bi«Eri{iHJf 

1 0 B-7(clg^J«^# 

1 2-m 
•m2® 

■m 

■mm 



14- 

1 6- 

1 8- 
10 2 0- 

22- 
24- 

2 6- 

3 0- 
32-' 
34- 
3 5- 
36" 
37- 

20 38" 
3 9" 
40- 
Al- 
so- 
51- 
52- 
. 5 3 a— 5 3g"-'gffi 
54, 5 

56, 51 -mSc^'^JUy 
30 SS-f-r-yi^A'/ur 
59a, 59b, 59c- 

6 1 F;WN*;P7" 



••l^iiax-^— ;^ 



[Ell} 



[S2] 





10B 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused iy the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the orisinal 

precisely . *^ 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[00.01] 

■^ield of the lnvei^on] This invention relates to the hydrogen separation structure which has the film 
[0002]^°° separates .hydrogen on a porous body, or a Pd alloy. 

[DescriptiQn^of the Prior Art] ConventionaUy, this kind of hydrogen separation structure uses the 
property^of Pd which makes hydrogen penetrate altemafively, and the technique of JP 5-53527 B is 
known. That is as shown in drawing 7 , the hydrogen separation structure IGO is equipped with the base 
matenal 102 which consists of porous ceramics, the electroless deposition layer 104 ^Sch Wd Pd^ 
f ba^einatenal 102 by electroless deposition, and^the electrolysis deposit ^6 wMch 

formed Pd by electrolytic plating on this electroless d^osition layer 104 

..[0003] When themixed gas containing hydrogen is exposed to the electrolysis deposit 106 of this 
hydrogen s^aration.structure 100, the electrolysis deposit 106 which consists of Pd makes hydroeen 
penetrate altemabvely. And fransmitted hydrogen passes the porous electroless deposition layer 1 04 and 
f^nn!^^""" T'"^^ P-^" hydrogen gas can be obtained from mixed eas. 

10004] Themechamsm which makes such hydrogen penetrate is further explained to a detail If the 
pressure of imxed gas is applied to the field of the electrolysis deposit 106 and a hydrogen content child 
f'J"'"' ^ce, abydrogen content child will become atom-hke, will ionize into^proSTLdan 
dectron finther, will diffiise the inside of the electrolysis dep,osit 1 06, will recombme on the fi^ Sonr 
A H ^^f"^""^ electrolysis deposit 106, and will break away as a hydrogen content 

matenal 1 02, and flows out of the rear-face side of a base material 1 02 

[OOOd] Here, the rate whiph separates hydrogen gas from mixed gas is proportional to the thickness of 
the electrolysis deposit 106. That is, in the separation process of hydrogei, a^ compared v^^ace 
reaction, such as adsorption of Pd fihn, the rate at which hydrogen pennies the iLide ofS fi^ is 
slow, and this becomes a rate-determining step. Here, the amount Q of transparency of hydro gen is 
shown m a degee type (1). As shown in this formula, since the amount Q of transpLncy^Srse ■ 

Q&A, t-1 and **Pl/2, exp (-B/RT) - (1) 

A ^d B are the diffo-ential pressure in a constant, and the mixed gas into which **P inserts Pd fihn and 
f.n^;.?f*^'^ temperature and R of T are gas constants ^ ^^ini and 

[0006] Thus, it is desirable from it being not only effective in enlarging the amount Q of transparencv 

S^cS'etTf^r f 2"^°^"°. '''' '^'"^^^ °f ^^^^ °^ expensive Pd t^SSe ' 

tinckness of the electrolysis deposit 106 tiiin. However, if thickness of Pd is made thin too-much a 

configuxation IS umnamtamabie for fihn itself of Pd. For this reason, in the above-mentionr^or art 
Jie electrolysis deposit 106 which consists of Pd is supported with the above-mentioned bTemS 
102 which consists of porous ceramics etc., and the mechanical strength is raised 
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[0007] In addition, if the-electrolysis deposit 106 is made thin, the hole of the porous base material 10^ 
J^u .'°°'P?,f ^ the Prior ait, the precise electrolysis deposit 106-is " 

formed^by fiU upmg x^lh the thin-electrolysis deposit 106 the hole which made the aperture of the 

f0008] "^^^ " ^'^■^^ electroJess deposition layer 104. 

fi^tl'^^i '° ^^y' ^^^'^S^ ^Wment equipped with the 

hydrqgai separation structure m an automobile etc. m recent years is examined when carried in an 
automobile, ifis necessary to bear the large temperature requirement from low temperature to an 
elevated.teinperatoe. However, when the hydrogen separatiGn stmcture 100 was installed m the bottom 
of the ambient atoosphere mentioned above, the problem of a crack having occurred or exfoiiaiino from 

rnnnoi^ '^Z " ^^^^ the electrolysis d^osit 106 

[0009] I^s mvention aims at offeimg the hydrogen separation structure which can moreover realize a 
cost cu^ without..a crack's arising on fee fihn which consists of Pd or a.Pd alloy. or Pd filTSati^a 
from a base matenai, even if installed in the bottom of the ambient atmosphere wMch solves fee ^ 
problem of the above-mentioned Prior art and is changed in fee-large temperature requirement from low 
temperature to an elevated temperature uom io\^ 

[0010] 

[The means for solving a technical problem, and its operation and effectiveness] The 1st invention made 
m order to solve fee above-mentioned technical problem In fee hydrogen separation struc^rwh^h 
makes hydrogen gas penetrate alternatively from fee mixed gas containine hydrogen gas and fee sas of 
ofeer elements It has fee b^as^^al which consists of porous ceramics or nnJ. /.ccT. i ' g,^^ 
by which fee l^atmg was carried out on fee base matenii, and fee 2nd layer w^l^iSjaT 
earned out on fee Ist layer and consists of£d^PdaUoy. The 1st above-m^tioSayS^e mltS 
Wife which It IS formed so feat some holes ^fSitotlai of a base material may be biSd, a^d the 
mgredient does not contam Pd, .|t is eifeer of fee inorganic materials which contai m fee po wT^- of fee 
mej^.fee ingredient which ^d fee inorganic material, gi02 or aluminmn 203 wZrofS fee 
co^cient of feermal expansion's formed wife fee ingredi^t fee value betwe^above- 
mentioned base material and fee 2nd layer, and fee 2nd above-mentioned layer is characterized by bein- 
formed so that fee idle of fee front face of fee Istlayermay be buried ^acienzeo oy bemg 

[001 1] When fee hydrogen separation structure in fee 1 st invention applies fee pressure of fee mixed -as 
contammg hy^ogen, fee 2nd layer whichconsists of Pd or a Pd allo/makes.hydrogen pene^r * 
altemanvely^ Here, smce a base material andfee 1st layer are formed wife fee porous meredien? it does 
not become hindrance lettmg fee hydrogen which penetrated fee 2nd layer pass TTius, fe^e hSaen 
separahon structure separates hydrogen from mixed gas. "le nyoro^en 

[0012] moreover, making a mechanical strengfe high fonns fee base material which supports fee ^nd 
layer wife easy porous ceramics or porons glass - having - **** - fee own mechanic^ sS;f fee 
wii 'VV"; " """^ necessary to maintain fee configuration of fee 2nd layer id fee 

feickness of fee 2nd layer can be made fein. While being able to reduce by feis fee amount of 
SS2t'?^i5^''^'''' which forms fee 2nd.Jayer, fee separation rate of hydrogen gas can be 
[0013] Moreover m fee hydrogen separation structure of fee 1st invention, fee following configurations 
t^^S '° ^ atmosphere changed betwSw 

Sl^f ! ?K ' ^ temperati^e. IHat is, fee 1 st layer is formed between a base materia^^^d fee 
2nd layer. As for fee st layer, fee coefficient of feermal.-expansion serves as a base material and a 
middle value fee ^d layer. When fee hydrogen separation structure is exposed to fee bottomTf the 
ShTk"^ .^0°??''' °f temperature fluctuation, feis 1st layer eases a base material L fee stress 
added between fee 2nd layer, and prevents feat fee 2nd layer exfoHates from a base materia 
v«?J. l^^Tf T '^^^^"^^ts of feermal expansion are a base material and a middle 

r^Z^r i T' " ^? Mo„or two sorts or mo^of 



http.://w\^'w4.ipdl.ncipi.go.jp/cgi-bin/ti^_web_cgi_ejje 



5/8/Ofi 



JP, 10-028850 A [DETAILED DESOUPTIQN] 



Page 3 of 6 



[0015] The 2nd mvennon makes the 3rd layer intervene between the 1st layer and the ^nd iaver It 
prevents the metal of the 1st layer canying out thennal diffusion of the 3rd -layer, when the hydrooen 
separation structure is exposed to a hot ambient atmosphere, and invading in the 2nd layer T^at it the 
3rd layer prevents that prevent it from Ti which forms the 1st layer being spread in the 1st layer aid 
disturbmg the cr^^stafl stracture, and the operation which makes the hydrosen eas bv the 2nd iav^ 
penetrate alternatively falls.' J- a w uic zna layer 

[001.6] 

[Embodiment of fee Invention] In order to clarify further a configuration and an operation of this 
mventiOTi explained above, the gestalt of suitable operation of thTs invention is explained below 
[001 7] Drawmg] IS the sectional view showing the hydrogen separation stinictiire 10 concerning the 
gestalt of 1 operation of this invention. In drawing] , the 1st layer, with 14, the hvdrosen separSion 
structm;e 10 is eqmpped with 15 [ layer / 2nd ], and is foimed a base material 12 .and by carrying out the 
amanatmgofthese. A base-material 12 is the 2Grous:body wMch ^Idnat^ The 1st 

layer 14 is fihn which consists of Ti etc. and is foimed-as a.porouTb^ dy which does not bu iy the hole 
of a base matenal 12 completely. That is, since a base material 12 and a big pressure for 14 to pass 

or^f '^HrT^'!';' ^? l^-^^ ^ precise layer which consists of M 

^aP^^, and has fee 2nd layer of fee.property to make hydrogen penetralFSltematively ^ 
[0018] Hereafter, eaxfe-pat material which constitutes fee hydrogen separation structiire 10 is explained 



(1) Base matenal 12 base material 12 is a member for raising fee mechanical strenefe of fee 
hydragen separation structure 10, and porous glass and porous ceramics can be used for it'as an 
mgredient which fulfiUs such a property. The thickness of a base material 12 fiilfiUs fee following . 

f ' ? j'^^ ^^''^ mechanical strengfe which can bear^a- service condition " 

[0020] hi order to set to tiansparency of hydrogen gas in consideration of not becomins a failure etc and 

c tT" f ^"^^ "'^^ P^'"^^ f*^^ ^^^^e "material 12, itls desirable feat it 

is 50A - 0.2 micrometers m mean particle diameter, it is because this serves as a failure at fee time of 
hydrogen gas penetrating feat it is less than [ SGAmicrometer ] and fee desired amount of transparency is 
no longer obtamed,.and on fee ofeer hand, if 0.2 micrometers is exceeded, it will mention later - it is 
because fee 2nd layer of fee thickness of 16 cannot be made thin 

[0021] (2) fee 1st "]ay^4 - 14 [ layer / 1st ] is formed, in consideration of fee conditions of foUowing 

- from fee oxKirSHhe metal of Ti^Cr, Ir, andMo o rits^ov. the ingredient feat mixed fee 
morgamc matenal to feese alloy powde r or Si02,and aluminum 203 and ZrO'' grade 
19 ^n7v^ '^^S^T °£?^al ejjaiision between fee ingrefeent of fee above-meiitioned base material 
2, and Pd or Pd alloy. Those coefficients of feermal expansion are indicated below 
10^6/degree C Porous ceramics : 5-8 Porous glass : 0.8 - 4.5 Ti ■ 4 5 - 1 1 1 Cr • 9 3 . 1 1 g . 4 4 01 

*;V °' .i;°>' • ^^-L^'' ingredient which has fee property which does not produce 
iitrill fo^P^ventmg fee 2nd layer of exfoh^tion wife 16 with fee bL 

matenal 12 by hydrogen embnttlement. 

-^t^^a basematerial 12 and Pd which fonns 16 [ layer / 2nd ] or Pd alloy, and fee good ingredient of 
[0022] 14 ne^ fee 1st layer of fee feing for which fee hydrogen gas which penetrated 16 [ layer / 2nd 1 

1 f ? t P'^'"^' ^""u "^7 ^"^^^^^ "^^y b^'^^^^^ ^ ^^^^ body on a hase 
w u mm '""^ ^^PProach of forming 14 [ layer / 1st ], .alfeough various kinds of approaches can 
be taken, PVD such as CVD mefeods, such as electrolytic plamig and electroless deposition a va^u^ 
depositior^mefeod and sputtenng, isapplicable, for example. Moreover, as for fee Sckness of iT^ 
desirable feat it is 0.01-5 micrometers the 1st layer. This is because fee effectiveness ofpr^entingfee 
exfohation mennoned above as it is 0.01 micrometers or less is not acquired, and is because feSof 
SgTgar micrometers or more,.and it becomes trouble afp^s^^^^^^ 

[0023] (3) the 2nd - layer 1 6 - 1 6 [ layer / 2nd ] is fee precise fihn wife which Pd is formed from fee 
alloy contamed 10% of fee weight or more and wife which 100 % of fee weight or Pd c^be ^Suo 
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use as a hydrogen demarcation membrane. What contained lb group elements, such as m group 
elements, such as Ru and Ir, and Cu, Ag,,Au„in consideration of other service conditions after fulfilhna 
the conditions which acqmre the property 10 make. hydrogen penetrate alternatively, as a Pd alloy is * 
apphcable. Asan approach of forming 16 [ layer/2B% like 14, the 1st layer of PVD., suchas C\T> 
methods, such as electrolytic plating and electroless de&non, a vacuum deposition method, and 
sputtermg, is apphcable, although various kinds of appro&s cah he taken tiiat is 
[0024] As for the thickness of 16, it is desirable that it is 0.5-20 micrometers- the 2ridlayfer :ihis is • 
because the operation which.the 1st layer of the hole.of 14cannot be closed [ operation fai it is?0.5 • 
micrometers or less, but makes hydrogen penetrate alternatively is not acquired, and is because an 
operation and effectiveness of this invention that 16 [.layer / 2nd ] can be made thin as it is 20 
micrometers or more cannot be acquired. 

[0025] Next, the hydrogen segregation-by the above-^mentioned hydrogen separation stmchire 10 is 
ej^lained. Ifthe hydrogen sqjaration structure 10 is exposed to mixed gas and.mixed eas is pressurized 
at 2nd layer 16 side, differential pressure will be produced between the fields of fiie opposite side of a 
base matenal 12. and the hydrogen fi-om which 16 was adsorbed by the 2nd layer -- the inside of ^nd 
layer 16 - penetrating - further - porosity - the 1st layer of 14 and a base material 12 are passed and it 
flows out. Thereby, pure hydrogen gas can brobtained from mixed gas. In addition, althoush the case 
where mixed gas was pressurized- was explained to the 2nd layer 16 side, the.same operation is acquired 
even if it pressurizes mix^d gas at .a base material..l2 side. . 
[0026] Accordmg to the above-mentioned hydrogen^ separation structure 10, the base material P which 
supports 16 [ layer /2nd ] is formed with porous ceramics or porous glass with easy makina a 
mechanical strength high, and does not need to raise.the mechanical strength of the layer [ ^nd ] own 
[ 16 ]. Therefore, 16 [ layer / 2nd..] can be made thin, and the amount of tiranspaiency of hydrogen gas 
can be made to mcrease, and the amount of ingredients of expensive Pd is-reduced, and a cost cut can be 
realized. 



327] moreover, the Ist.layer, since it makes small the hole of the base material 12 which consists of a 
porous body when the lammating of 14 is earned out on a base materia 12, it is thin - even if it cairies 
out the l^atmg of 16 [ layer / 2nd ], 16 buries the 2nd layer of tiie 1st layer of the hole of 14 That is 
even If 16 is the thin fihn, it can fonn the 2nd layer df the precise film which does not produce leakage ' 
which serves as trouble at hydrogen segregation. * 
[0028] Furthermore, since 14 [ layer / 2nd ] is formed with the ingredient of the value of the coefficient 
of thermal expansion between 16 with the base material 12, even if fluctuation of the heat cycle of low 
temperature and an elevated temperahire -is used for the bottom of an intense ambient atoosphere it 
eases the 1st layer of the base material 12.generated in connection with these heat expansion diffwences 
and fee stress added beween I6 lhe 2nd layer. Hiereby, the 1st layer, even if 14 is exposed to the severe 
ambient atmosphere of heat cycles, such.as,an« engine room, the 2nd layer, it can prevent that a crack and 
exlohation anse m 1 6, and can raise the endurance and dependabihty of the hydrogen senaration 
structure 10. ■'•-y.?'--.- ' j o f 



Next, the hydrogen separation structure concemihg the gestalt of. other operations is explained 
Dj^wfflg2 is the.sectional view showing hydrogen separation stinicture I'OB.-Everything but a 
configuration of that, as for hydrogen separation structure lOB, 18 [ layer / 1st / layerV 2nd./ layer /-Srd 1" 
^iwT ^ configuration as the hydrogen separation. structure 10 of 

[0030] 18 [ layer ;/ 3rd ] is for the 1st layer of the metal of 14 trespassing upon the bottom of an elevated- 
ten^orature ambient atmosphere in 2nd layer 1 6 by thermal diffusion, and preventing the ^nd laver of 
degra-dation of 16.. IS [ layer / 3rd ] is reahzable ;.'ith the fihn of the porosity which does not have 
teouble m tran^arency of hydrogen using oxides, such as Si02, aluminum203, and Zr02 In addition, 
the 3rd layer of the 1st layer of 14 and tiie approach as 16 with the 2nd same layer can be used as the 
manufacture approach of 1 8 . 
[0031] 

[Example] Next, the example which formed the hydrogen separation structure concerning the gestalt of 
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the above-mentioned implementatiGn in the shape of tubing is explained. Drawing 3 is the explanaton' 
view showmg typically a part of hydrogen separation structure 20. in drawing 3 R> 3, the laminating of 
the hydrogen separation structure 20 was carried out on a base material 22 and this base material - 
the lammating of the 1st layer was earned out on 24 and 1st layer 24 - it has 26 [.layer / 2nd ] 

^^^^'^^^^^^^^'^'^^^^^^^^^ ^ with an outer-diameter lOphimmx die lenefc 
[ of 170mm ], and a thickness of 0.8mm, and is formed from the porous body of porous glass or porous 
ceramics. As a porous body ingredient, porous glass (for example, ISE CHEMICALS CORP make) and 
porous .ceramics (trade name: a ceramic filter, Toshiba Ceramics Co., Ltd. make) can be used. The mean 
particle diameter of the porosit>' of a base material 22 is 0.005-0.2 micrometers. Moreover 24 vapor- 
deposits [ above-mentioned ] the 1st layer of Ti 'in thickness of 2 micrometers, and 26 [ layer / 7i£ 1 is 
formedby vapor-depositing Pdin-thickness of 1.5-2 micrometers. ' " 

[0033] Next, the manufecture approach of the hydrogen separation structure 20 is explained First the 
orgamc substance, an inorganic substance, eta adheringto the front face of a base material 2-5 etc' were 
removed by preparing the base material 22 of .&e shape of tubing mentioned above, and washin<^ this 
base matenal 22 with an orgamc solvent and streams, such as an acetone: Then, the base materi227 
^er washing was set m the mb of a vacuum evaporation system, the moisture which has adhered to'the 
front face of a base matenal 22 under a ISO-degree C ambient atmosphere was evaporated and 
processmg of a next process which raises the 1st layer of the adhesion of 24 was performed. 
[0034] Then, the ^ambient atmosphere in the tub of a vacuum evaporation system was made below into 
lxl0--6Torr (1.33x10 to 4 Pa), and 24 [ layer / 1st ] was formed on the base material 22. The 1st laver 
24 set the gas pressure of Ti as 2 - 4x1 0-6Torr (2.66 to 5.32x10 to 1 Pa), and formed it in the thiclmess 
of 2 micrometers. 

[0035] Then, 26 [ layer / 2nd ] was formed on 1st layer 24. The 2nd layer. 26 made the inside of the tub 
of a vacuum evaporation system again the ambient-atmosphere of lxl0-6Torr (1 33x10 to 4 Pa) set the 
gas pressure of Pd as two to 4x.l£) to 6 Pa, and formed it in tiie thickness of 1 .5-2 micrometers 
[0036] The experiment which separates hydrogen gas using .this hydrogen separation structure oq was 
conducted usmg transparency/separation testing device 30 shovm in drawing 4 . DrawiBg4 is the block 
diagram showing transparency/separation testing device 30. Transparency/separation testino device 30 
equips the gas column 32 which contained the above-mentioned hydrogen sqjaration slructSre 20 and 
this gas column 32 with the gas transfer unit 34 >vhich suppUes the mixed gas ofhydrosen and nitroeen 
[00.37] DrawTns^ is the sectional view expanding and showing the eas column 32. The^gas column 32 is 
eqmpped wath the case body 36 which has the receipt room 35 for containing the hydrosen separation 
structure 20, the top cover 37 and the lower lid 38 which closes opening of the upper and lower sides of 
the case body 36 through an 0 ring, and the heater 39 (refer to drawing4 ) which heats the hydroeen 
separation stmcture 20 in drawing 5 . * 
[0038] Between the wall of the above-mentioned case body 36„.and the hydrogen separation structure 
20, tfie outside tooth space 40 is formed, the ducts 53b and 53g of a gas transfer unit 34 are outside 
mmded [ this / 40 ], and mixed gas is supphed and discharged, and the inside tooth space 41 is formed • 
i^ide the hydrogen separation structure 20, and the hydrogen gas separated from mixed gas toough 53f 
of 4ucts IS sent out from this inside tooth space 41. » 6" 

[O03.9] Reton and a gas transfer unit 34 equip drawing 4 with the.excretory system 60 which- discharaes 
supply system 50 which supplies mixed gas. to the gas column 32, and the hydrogen gas separated'bv 
the hydrogen separation structure 20 and other gas. The supply system 50 is equipped with the hydroeen 
source of supply 51 and the nifrogen source of supply 52, and is connected to the outside tooth space 40 
of the.gas column 32 through duct 53a - 53.d of ducts. Moreover, it connects with duct 53c to the mside 
tooth space 41 of the gas column 32 through duct 53e. 

[0040] Moreover, 53f of ducts is connected to the inside tooth space 41 of the sas column 32 hydroeen 
gas is discharged from 53f of this duct, 53g of ducts is farther connected to the^'outside tooth space 40 
^d mtrogen gas is discharged by the excretory system 60 from 53g of this duct. Ld addition, while a gas 
^ansfer umt .4 is eqmpped with the flow rate bulbs 54 and 55, reducing valves 56 and 57, a check valve 
yS, and the closmg motion bulbs 59a, 59b. and 59c are formed in the supply system 50, and the needle 
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valve 61 is fonned in the excretory system 60. 

[0041] Next the above-mentioned hydrogen separation structure 20 explains the experiment which 
separates hydrogen.gas from mixed gas. If the closing motion bulbs 5.9a and 59b are opened while 
adjusting the pressure of the hydrogen gas supplied from the hydrogen source of supply 51 and the 
mfrogen source of sigsply 52. .and nitrogen gas with reducing valves 56 and 57, hydrogen gas and 
mtrogen gas wiU serve as mixed gas, and will be supplied to the outside tooth space 40 of the hvdroeen 
separation stnacture 20 throu^Ducts 53a-53d. At this time, the flow rate of hvLgen Sfro^en 
S 6^ ^.tli' '^^ the flow.rate.bulbs .54 and 55, respectively. Ne^, slut the needle ^ 

vaJve 61 gradually, the gas pressure which joins the outside tooih space 40 was made to increase the 
differential pressure of the outside tooth space 40 and the inside tooth space 41 was set as 2kg/cm2 and 
tran^arency of hydrogen gas. was promoted by the hydrogen separation structure 20. The ^as which 
penefrates fee hydrogen separation structure 20 and flows out of 53f of ducts in this condition was 
analj^ed In addition, the-hydrogen.separation sfructure 20- was heated at 500 degrees C at the heater 39 
i^lnJofJ." "ivesfagate the property in the operating enviromnent carried in the automobile 
[G042] The^gas chromatography analyzed fee,component of the gas which flowed out of 53f of ducts 
SriT^^' other >than hydrogen was not detected. From this, the film of the homogeneity "in 

wtach the hydrogen s^aration structure 20 does not have a pinhole was foimed, and it was checked feat 
mtrogen gas does not flow out of. a pinhole. n wdb cnecKeo mat 

[0043] Moreover, ** heat resistance test and fee measurement-trial of fee amount of** hvdroeen 
peimeafaon were perfonned about fee above-mentioned hydrogen separation structure 20 

The feeimal cycbng test which exposes fee heat resistance test hydrogen separation structure ^0 to 
fee temperature ambient atmosphere between 25 degrees C - 500 dearees C was performed 
S^cSS '"'^ ^ ^ ^'^^ "^"^ exfoliation, were not generated in fee hydrogen separation 

[0044] measurement trial of fee amount of hydrogen permeation, next fee relation between fee 

feickness of PdLand fee amount of transparency of hydrogen gas were investigated wife two o^morf^^ 
temperature, toiag^.is a graph-which.shows fee relation between fee temperature. of mi^ed ^^IT 
the amountof hydrogen penneation. In drawing 6 , it is the example in which fee sample 1 fonSed'fee 
feictoiess of Pd m l D-2 micrometers, and is fee example of a comparison in which fee sample 2 foimed 
the feickness of Pd m 10 micrometers. Consequently, fee sample 1 of feis. example was SStoS fcaf 
ofi^ydrogen penneation is.large over fee 300-500-degree C temperatoe requiremVn^ of 

[0045] Next, the example between which fee oxide fihn indicated to be 24 by drawing 7 between 26 fee 
2nd layer the 1st ayer was made to be placed is e^lained. Alfeough fee 1st la];ir^^^7^s 
examp e and fee 2nd layer are produced by fee same configuration as fee hydrogen separS^cture 
20 explained by. to^gl etc., and its approach, it differs in feat fee 3.rd layer las added N^dy X 
[ which was mentioned above ] forming 24 [ layer / 1st ], fee 3rd layer made fee inside of fee^b of f 

onxT? 7rTn!l7a^v"^^^^ °' Si02 fee ambient atoo^here 

mnlii -^i ^ ; ^ ^° ^ ^ feickness of 0.005^0.05 micrometers 

r nnnl^v." ^ according to fee above-mentioned process was exposed to 500-700 degrees 

C under fee mert gas ambient atmosphere, and Ti which fonns fee 1st layer an^yzed by fee electrof 
probe X-ray micro^dyser (EPMA) about whefeer it is spread in fee 2nd layer. Snsequfntiy ^fwas 
not difiused m fee 2nd layer but fee hydrogen separation structure stabiHzed also unde? fee eLated 
temperature ambient atmosphere was obtained. eievaiea 

[Translation done.] 
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